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Introduction 


Tuned Spacer™ JII system was designed to be a replacement for the Tuned Spacer™ system. It delivers 
improved properties over the Tuned Spacer system. Improvements include better suspension properties, 
more accurate formulations for specific yield points, quicker yielding of fluid, more consistent yield 
points across a broad temperature range, lower production costs, and worldwide availability. 


Applications 


Tuned Spacer III system (Table 1) is a cost-effective, water-based fluid that can displace water- or oil- 
based drilling fluids. In addition to applications associated with cementing operations, Tuned Spacer III 
system can be used in drilling-fluid recovery processes similar to those in which CleanBore™ surfactant 
technology is used. Tuned Spacer III system is designed to be a direct replacement for the Tuned Spacer 
system. Table 2 compares the loadings of the two materials, which are similar. Based on the reduced 
cost per pound of blend, the use of Tuned Spacer III system could result in increased profits for the 
various field locations. 


Table 2—Load-out Comparisons between Tuned Spacer Ill System and Tuned Spacer System 
ystems B d 
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Because the rheology profile of Tuned Spacer III system is relatively flat across a broad shear-rate 
range, it helps promote better displacement efficiency by providing a more uniform flow velocity, 
particularly across eccentric annuli. Tuned Spacer III system has more constant rheology at temperatures 
ranging from 80 to 350°F; therefore, in most applications, operators can achieve complete control over 
mixing, pumping, and equivalent circulating densities. Tuned Spacer III system can be used at 
temperatures ranging from ambient temperature to >350°F bottomhole circulating temperature, and 
remains thermally stable at wellbore temperatures up to 350°F for over 1 hour. Tuned Spacer III system 
should be compatible with most cement slurries, water-based drilling fluids, and brines. 


Important When using Tuned Spacer III system with non-aqueous drilling fluids, always use 
surfactants deemed appropriate through testing. 


Tuned Spacer III system can be mixed in fresh water, seawater, salt-saturated water, or KCI brines, and 
can also be weighted with typical weighting materials. 


Important When using Tuned Spacer III system with salt water or brines, add the salts after 
allowing the system to yield whenever possible. 


Tuned Spacer III system's rheological properties develop rapidly during mixing, which can eliminate the 
need for additional viscosifiers to prevent settling. 
Advantages 


Tuned Spacer III system can help provide the following advantages: 
e Fluid quickly yields to desired rheological properties in standard field mixing equipment. 
e Flat rheology profile with temperature. 
e Stable to 350°F. 


Disadvantages 


Tuned Spacer III system has the following disadvantages: 
e Cement contamination greater than 2-3% will require FE-2 agent to obtain fully yielded 
product. 


Formulation 


The appropriate concentration of Tuned Spacer III system depends upon the specific application. 


Important The Tuned Spacer III System Mixing Calculations Spreadsheet can be used to 
estimate the amount of Tuned Spacer III spacer blend needed to achieve a desired 
yield point (YP). Do not use the calculations spreadsheet as a substitute for 
laboratory measurements. The calculations spreadsheet is based on fresh water 
containing a very small amount of surfactant. Laboratory measurements will 
provide the most accurate data. 
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Note Users need to obtain the latest Tuned Spacer III System Calculation 
Spreadsheet from http://halworld.corp.halliburton.com/internal/PS/ 
cem/contents/Interactive_Tools/TECH/TunedSpacerIII.xls. This spreadsheet 
has been revised and updated with the latest information to make it more 
accurate and user friendly. 


Laboratory Testing (GLBP) 


The following procedure is recommended to prepare a test sample of the Tuned Spacer II 
system: 


1. Pour the required volume of mixing water (from the Tuned Spacer III system calculation 
spreadsheet) into an API-approved mixing system. Add the required amount of D-Air 3000L 
defoamer or equivalent to the contents of the mixing system (1.0 cm*/350 cm? equals 0.12 
gal/bbl). 


2. Under a low shear rate (sufficient to produce a vortex in the mixing container, generally 
~2000 RPM), add the spacer blend and barite (dry blended) and shear for 5 minutes. 


3. If necessary, add salts (NaCl or KCl) after the blend has yielded. 
4. Add any required surfactants. 


Important Precondition all fluids prepared for rheological and compatibility testing at the 
required test temperature for at least 20 minutes before measurements are taken. 


Important Mixing the spacer with anything other than fresh water can result in a spacer fluid 
with different rheological properties: 


Seawater usually produces a less viscous spacer than fresh water; salts up to 
saturation in fresh water or seawater usually produce a more viscous spacer; high 
surfactant loading (2 to 3 gal/bbl) generally produces a more viscous spacer; 
mutual solvents, such as Musol®A solvent, tend to reduce viscosity. 


When testing with surfactants, extreme caution should be taken to prevent 
measurements with excess air entrainment (a drop of D-Air 3000L defoamer may 
be added after conditioning to break foam). 


Important KCl should always be added after the spacer/barite as potassium will greatly 
inhibit the yield of the spacer. 


Important Failure to achieve complete hydration of the spacer mix has often been traced back 
to contamination of added materials, particularly barite. 
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Field Preparation 


The mixing order listed in "Laboratory Testing" also applies to batch-mixing the Tuned Spacer III 
spacer system. If all materials are preblended in bulk form, the Tuned Spacer III system can be mixed 
on-the-fly. 


If more than 2—3% cement contamination is anticipated when the components are mixed in bulk cement 
equipment, FE-2 agent (Part No. 100001615) should be pre-dissolved in the mixing water to offset any 
cement contamination. The minimum amount of FE-2 agent recommended is 3 1b/bbl of finished spacer. 
Alternatively, FE-2A agent (FE-2 solution, Part No. 100001570) can be added to the mixing water at an 
equivalent rate. 


When using dedicated equipment such as slugging pits or batch blending trailers where cement 
contamination is negligible, FE-2 agent should not be required. 


Confirmation Data 


To help ensure field validity, a yard test was conducted at the Duncan Technology Center to compare 
results obtained in the lab with results from field mixing equipment. A Tuned Spacer III system with a 
density of 15.7 lb/gal and 34 Ibf/ 100ft? was sought. Using GLBP, the lab obtained a yield point of 32 
Ibf/100ft? at 180°F. For the yard test, a standard field 100 bbl batch blender was used. The material was 
sandwiched and boxed at the local field plant (Tuned Spacer III system and barite). The material was 
then blown from a standard 660 pod to the batch blender. After 15 minutes, circulating pumps were 
stopped and only the internal agitation of the tank was used for mixing. Table 3 below summarizes the 
results. In addition, Figure 1 shows the yield point as a function of time in the batch blender. The fast 
yielding properties of Tuned Spacer III system should be noted, indicating it is an excellent product for 
mixing-on-the-fly. 


Table 3—Tuned Spacer Ill en Comparision 


a ae oot 


| Spreadsheet si 
Lab (using GLBP) 
Yard Test Results 


Page 4 of 9 


HALLIBURTON Tech nology Bulletin No.: CMA-07-001 


Date: 2-15-07 


Yield Point, lbf/100 ft? 
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Figure 1—Tuned Spacer III system yield point as a function of time in the batch blender. 


Additionally, a series of replications using the same design with different people and different 
batches of spacer mix was performed to simulate the variances that would be encountered between 
labs in the field and the results are as follows: 


The design spreadsheet calculates the estimated YP at 180°F and the Tuned Spacer III system attains 
a YP very close to the design at 180°F, with good repeatability. 


Table 4a—Tuned Spacer Ill System Data Replication Table 4b—Tuned Spacer Ill System Data Replication 
13 Ib/gal Density; 25 Ibf/100 ft” Desired Yield Point 16 Ib/gal Density; 25 Ibf/100 ft” Desired Yield Point 


| Lab 1 | Lab 2 | Lab 3 | Lab 4 | 

80°F 
| PV(cp) | 36.8 | 31.0 | 25.5 | 31.2 | 
YP (Ibf/1008t") 
a eS E 


| Lab 1 | Lab 2 | Lab 3 | Lab 4 | 

80°F 
| PV(cp) | 44.7 | 41.2 | 37.0 | 39.0 | 
YP (Ibf/1008t") 
area el 


180° 
YP (Ibf/100ft") 


180° 
YP (Ibf/1008t") 


Compatibility Assessment 


Follow API-recommended practices and conduct laboratory compatibility tests with the 
spacer/surfactant package and drilling fluid. Tuned Spacer II system is compatible with surfactants 
previously run with other spacer systems. Be careful to select surfactant packages to achieve complete 
compatibility and water wettability with oil-based and synthetic-based drilling fluids. Questions about 
wettability should be directed to Tom Dealy (Tom.Dealy @halliburton.com) at DTC. 
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Wettability 
Table 5 shows the wettability results for Tuned Spacer III system tested with 14 lb/gal Invermul mud. 


Table 5—Wettability of 14.5 Ib/gal Tuned Spacer Ill System Tested with 14 Ib/gal Invermul Mud 
(grams) 


Pr oo o o orams) S O 
K n age ee a 
Surf B 


14.5 Ib/gal system with surf., YP=5 | 13 | 328.6 | 253.8 | 0.5 | 06 | 02 | 200 | 300 | 


14.5 Ib/gal system with surf., YP=15 | 20.2 | 325.6 | 252.6 | 0.5 | 06 | 02 | 200 | 300 | 
14.5 Ib/gal system with surf., YP=25 322 05 | 06 | 02 | 200 | 300 | 
14.5 Ib/gal system with surf., YP=35 05 | 06 | 02 | 200 | 300 | 


The use of surfactants is optional for displacing a water-based drilling fluid with a water-based spacer. 
However, a strong water-wetting surfactant, such as CleanBore™ A surfactant or Dual Spacer™ 
B surfactant, can be included in the spacer fluid at a concentration of 0.1 to 0.2 gal/bbl to help ensure 
water-wetting of the pipe and formation. 


Latex 


In addition, Tuned Spacer III system has been tested with Latex 2000 cement slurries, and the data is 
presented in Table 6. The room temperature data showed some gellation, but was not significant and 
could be associated with the cement gelling with time. Testing shows the two to be compatible; 
however, it is always proper practice to test compatibility for the specific application. 


Table 6—Tuned Spacer Ill System Testing with Latex 2000 Cement Slurries* 


Po Dial Readings at RPM PV YP 
— | æo | 200 |] 60 | 30 | 6 | 3 J 600 | (cp) | (\b#/100H2) 
100% Spacer 
10%S/90%C 
100% Cement | — | — | — [| — | — | — | — | 300+ {[ 163 | 1 | 
100% Spacer 
10%S/90%C 
100% Cement__| 300+ | 192 | 102 | 68 | 42 | 17 | 13 | 300+ | 269 | 13 | 
100% Spacer 
10%S/90%C__| 235 | 165 | 96 | 67 | 44 | 21 | 17 | 300+ | 216 | 21 | 
100% Cement 


*no inversion of Latex 2000 additive 
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Cementing Jobs and Removal of Drilling Fluids: General Information 


This section summarizes results from a series of projects conducted to improve zonal isolation by 
removing drilling fluids before cementing. A major conclusion of the study was that the displacement 
procedure depends on properties of the drilling fluid under downhole conditions, including temperature, 
pressure, fluid loss, shutdown, etc. These downhole properties of drilling fluids are typically much 
different from the surface properties of drilling fluids and should be estimated by the procedures 
discussed under "Design of Cementing Jobs." 


Results from the project have been used to develop a generalized design technique, so that methods for 
removing drilling fluids under downhole conditions can be evaluated. The technique accounts for all 
states in which the drilling fluid could possibly exist under downhole conditions, including whole fluid, 
gelled fluid, partially dehydrated gelled fluid, and filter cake. The exact state of the fluid will depend on 
the following factors: 

e Drilling fluid type and properties. 
Fluid loss to formation. 
Downhole pressure and temperature. 
Differential pressure. 
Shutdown period. 
Drilling history. 


Design conditions can affect cement placement in a given wellbore: 

e Flow rates and properties of flushes and spacers are designed so that gelled fluid, partially 
dehydrated gelled fluid, drill cuttings, etc. are removed from both the narrow and wide sides 
of the annulus. 

e Flow rates and properties of cement are designed so that fluid is displaced in both the narrow 
and wide sides of the annulus. 


Design of Cementing Jobs 


These best practices are recommended for designing cementing jobs: 
e Reciprocate and rotate casing. 
Allow sufficient time to circulate drilling fluids. 
Centralize casing. 
Use adequate volumes of spacers when pumping. 
Use proper casing attachments. 
Pump cement jobs at velocities that will not cause formation breakdown from pressure. 


Halliburton has developed erodability technology and software packages such as the OptiCem program 
that can help operators determine the requirements for achieving excellent displacement efficiencies. 
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Erodibility 


Erodibility is a measurement of how easily a drilling fluid is removed from the wellbore. The process 
described here determines the extent of erodibility. This description applies to all states of drilling fluids. 


Using the Tuned Spacer III spacer system helps substantially increase erodibility when removing 
problematic mud or drilling fluids left in the wellbore. 


Mathematically, the erodibility variable (E) is calculated by the equation: 


E = 600/tiy 


where tiw is the force (expressed in Ibf/100 ft?) required to remove drilling fluid under downhole 
conditions. Operators can determine tiy through various methods, such as the Bingham Plastic method 
(the preferred method) or the Power Law method. 


Operators should determine the values of E, or the values of forces needed to remove downhole mud, by 
searching databases of laboratories that have studied relevant drilling fluids. Such databases could also 
recommend flushes. Alternatively, operators could conduct tests in erodibility cells, which can help 
determine downhole forces and needed chemical treatments. 


Laboratory tests show that, even in the absence of filtrate loss, some drilling fluids develop "excessive" 
gel strength, just like cement. Operators should conduct static gel strength tests on drilling fluids under 
downhole conditions and use the values yielded by such tests to calculate the required downhole forces. 
Operators should also consider the effects of fluid losses on the static gel strengths of drilling fluids. 
Operators can include the effect of fluid loss on static gel strength by performing the following steps: 


1. A 30-minute fluid-loss test should be conducted on the drilling-fluid-loss cell. 


2. The static gel strength of the fluid remaining in the cell should be measured. Operators 
should use the general rules about erodibility included in Table 7. 


Table 7—General Rules of Erodibility 
| Erodibility Value of the Drilling Fluid [Re  —  — | 
w i °) . 
» . 2 


(ti p - 
Approximately 20 (ti, of approximately 30 Ibf/100 ft Drilling fluid is moderately easy to remove 
r ; : 


Between 20 and 30 (ti, of approximately 20 Ibf/100 ft Drilling fluid is easily removed. 


Greather than 30 (tiy less than or equal to 20 Ibf/100 ft’) This drilling fluid is required if maximum mud 
removal is to be achieved. 
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Health, Safety, and Environmental Information 


Ensure that all personnel handling the product read, understand, and follow the precautions in the MSDS 
for each chemical. Summaries of the relevant points and information on first-aid measures by different 
exposure routes are contained in the product’s MSDS. 


The MSDS for Tuned Spacer III system (Haz. Mat. No. HM005735) can be found at the following URL 
address: 


http://msds.corp.halliburton.com 


Safety Precautions 


Respiratory Protection Wear a NIOSH-certified, European Standard EN 149 or equivalent 
respirator when using this product. 


Hand Protection Normal work gloves. 


Skin Protection Wear clothing appropriate for the work environment. Dusty clothing 
should be laundered before reuse. Use precautionary measures to 
avoid creating dust when removing or laundering clothing. 


Eye Protection Wear safety glasses or goggles to protect against eye exposure. 


Environmental Information 


Note Tuned Spacer III system has been environmentally evaluated according to OSPAR 
regulations and may be approved for use in the North Sea. Please check with your 
country chemical portfolio manager to determine whether this product can be used 
in your area. 


Technical/Ordering Information 

To order Tuned Spacer II spacer system, contact your local warehouse. 
For more information, contact: 

Chris Gordon 


Telephone: 580-251-3538 
Chris.Gordon2 @halliburton.com 
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